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The asymmetric unit of the title compound, C27H 30 N 2 O2, 
comprises two independent molecules. The dihedral angles 
between the phenyl rings in the two molecules are 55.59 (8) 
and 55.39 (8)°. The piperidine rings adopt chair conforma- 
tions. The crystal structure is stabilized by weak inter- 
molecular C— H- ■ O and C— H- ■ N hydrogen bonds. The 
crystal studied was a non-merohedral twin with a domian ratio 
of 0.75 (2):0.25 (2). 

Related literature 

For details and applications of a, /3-unsaturated ketones, see: 
Lee et al. (1971, 1977); Maria et al (2000); Murakami et al. 
(2002); Kawase et al. (2002); Hitosugi et al. (2003). For the 
synthetic procedure of l-acryloyl-3,5-dibenzylidene piperidin- 
4-one, see: Dimmock et al. (2000). For ring conformations, see: 
Cremer & Pople (1975). For bond-length data, see: Allen et al. 
(1987). For the stability of the temperature controller used in 
the data collection, see: Cosier & Glazer (1986). 




Experimental 

Crystal data 

C27H30N2O2 
M, = 414.53 
Triclinic, PI 
a = 9.7757 (6) A 
b = 10.9562 (6) A 
c = 20.9400 (15) A 
a = 93.065 (1)° 
/3 = 96.594 (1)° 

Data collection 

Bruker APEXII DUO CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T*&, = 0.953, T max = 0.994 

Refinement 

R[F 2 > 2a(F 2 )] = 0.046 
wR(F 2 ) = 0.122 
S = 1.04 

11714 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 90.115 (1)° 
V = 2224.7 (2) A 3 
Z = 4 

Mo Ka radiation 
li = 0.08 mm~' 
T = 100 K 

0.62 x 0.15 x 0.07 mm 



11714 measured reflections 
11714 independent reflections 
8608 reflections with / > 2o(I) 



561 parameters 

H-atom parameters constrained 
A/w = 0.35 e A~ 3 
Ap mi „ = -0.23 e A~ 3 



D-H-A 




D—H 


H-A 


D- ■ A 


D-H-A 


C1A-H7AB-- 


Olfl' 


0.97 


2.59 


3.3737 (19) 


138 


C19B-H19B-- 


■02A il 


0.93 


2.44 


3.233 (2) 


143 


C2AA-B2AA- 


■02B"' 


0.93 


2.40 


3.190 (2) 


143 


C24B-H24B- ■ 


■N2A 


0.93 


2.61 


3.411 (2) 


145 


Symmetry codes 


OK.v- 


1, z; (ii) -x, 


-y + 2.-Z- 


r2; (iii) -x + 1, -y - 


f 2, -z + 2. 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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(S^S^-S^-Dibenzylidene-l-IS-Cpiperidin-l-y^propanoyllpiperidin^-one 
Y. Kia, H. Osman, V. Murugaiyah, M. Hemamalini and H.-K. Fun 

Comment 

a, P- Unsaturated ketones from Claisen-Schmidt condensation reactions between aldehydes and ketones display a wide 
variety of biological activities such as antimicrobial, antitumor and plant growth regulatory properties (Lee et ah, 1971, 
1977; Maria et ah, 2000; Murakami et ah, 2002). The structure-activity relationship study of these compounds has shown 
that these activities are due to the presence of carbonyl group in these structures (Kawase et ah, 2002; Hitosugi et ai, 2003). 
a, P- Unsaturated ketones can be considered as a Michael acceptor which is an active moiety showing enzyme inhibitory 
activity. Due to these reasons, the crystal structure determination of the title compound was carried out and the results are 
presented in this paper. 

The asymmetric unit of the title compound, consists of two crystallographically independent (3£,5ii)-3,5-Dibenzylidene- 
1- (3-(piperidin-l-yl)propanoyl)piperidin-4-one molecules, (A & B), as shown in Fig. 1. The bond lengths and angles of 
molecules A and B agree with each other and are within normal ranges for bond lengths (Allen et ah, 1987). The dihedral 
angles between terminal phenyl rings (C15A-C20A)/(C22A-C27A), and (C15B-C20B)/(C22B-C27B) are 55.59 (8) and 
55.39 (8)° respectively. The piperidine rings adopts a chair conformation [(N1A/C1A-C5A); Q = 0.5186 (15) A, 0 = 129.31 
(17)°, cp = 152.3 (2)°; (N2A/C9A-C13A); Q = 0.5756 (18) A, 0 = 2.71 (18)°, cp = 12 (4)°; and (N1B/C1B-C5B); Q = 0.5207 
(15) A, 9 = 128.88 (17)°, <p = 208.1 (2)°; (N2B/C9B-C13B); Q = 0.5764 (18) A, 9 = 1.07 (17)°, cp = 22 (8)°; Cremer & 
Pople, 1975]. 

In the crystal structure (Fig. 2), the molecules are linked through intermolecular C7A — H7AB-01B 1 , 

C19B— H19B-02A", C24A— H24A-02B"' and C24B— H24B-N2A (see table 1 for symmetry codes Table 1) hydrogen 
bonds. 

Experimental 

l-Acryloyl-3,5-dibenzylidenepiperidin-4-one (Dimmock et ai, 2000) were synthesized as reported in the literature. The 
title compound (I) was prepared by refluxing l-acryloyl-3,5-dibenzylidenepiperidin-4-one (0.6 mmol) with piperidine (0.6 
mmol) in ethanol. After completion of the reaction (through TLC monitoring), the mixture was poured into ice. The pre- 
cipitated solid was filtered and washed with water. The pure solid was then recrystallised from ethanol to afford the title 
compound as yellow crystals. 

Refinement 

All hydrogen atoms were positioned geometrically [C-H = 0.93 or 0.97 A] and were refined using a riding model, with 
UisoQl) = 1.2 U eq (C). The crystal is a twin with twin law 1 0 0 0 -1 0 -0.5 0 -1 and BASF = 0.23. Six outliners 1 -2 7, 1 
-3 8, 2 -3 3, -1 -4 2, -5 -6 2 and 3-3 3 were omitted. 
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Fig. 1. The asymmetric unit of the title compound, showing 30% probability displacement el- 
lipsoids and the atom-numbering scheme. Hydrogen atoms omitted for clarity. 



Fig. 2. The crystal packing of the title compound (I) with hydrogen bonds shown as dashed 
lines. H atoms not involved in the intermolecular interactions have been omitted for clarity. 



(3f,5f)-3,5-Dibenzylidene-1-[3-(pi 

Crystal data 

C27H30N2O2 
M,- = 414.53 
Triclinic, PI 
Hall symbol: -P 1 
a = 9.7757 (6) A 
b= 10.9562 (6) A 
c = 20.9400 (15) A 
a = 93.065 (1)° 
(3 = 96.594(1)° 
y = 90.115 (1)° 

V= 2224.7 (2) A 3 



in-1 - yl)propanoyl]piperidin-4-one 



Z = 4 

P(000) = 888 

D x = 1.238 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 8978 reflections 

9 = 3.4-31.1° 

H = 0.08 mnT 1 
T= 100 K 
PLATE, yellow 
0.62 x 0.15 x 0.07 mm 



Data collection 



Bruker APEXII DUO CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r min = 0.953, 7 max = 0.994 
11714 measured reflections 



11714 independent reflections 

8608 reflections with / > 2a(7) 
R int = 0.000 

©max — 29.0 , 9 m in — 2.1 

A = -13-»13 

jfc = -14-»14 
/ = -28^28 



Refinement 



2 Primary atom site location: structure-invariant direct 

Refinement on F methods 



sup-2 



supplementary materials 



Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[oVo 2 ) + (0.0538P) 2 + 0.3476P] 
where P = {F 2 + 2F c 2 )/3 
(A/o) max = 0.001 

Ap m ax = 0.35 e A -3 
Ap min = -0.23eA" 3 

Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat (Cosier & 
Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TJ- *IJJ 
^iso ' ^eq 


OlA 


0.52837 (11) 


0.52933 (11) 


0.81181 (5) 


0.0256 (2) 


02A 


-0.00087 (11) 


0.44336 (11) 


0.85115 (5) 


0.0279 (3) 


N1A 


0.20082 (12) 


0.34156 (12) 


0.85739 (6) 


0.0182 (2) 


N2A 


-0.15237 (13) 


0.28130 (12) 


0.67290 (6) 


0.0192 (3) 


CIA 


0.43904 (15) 


0.46644 (14) 


0.83063 (7) 


0.0190 (3) 


C2A 


0.37632 (15) 


0.50083 (14) 


0.89125 (7) 


0.0185 (3) 


C3A 


0.26373 (15) 


0.42108 (14) 


0.91089 (7) 


0.0205 (3) 


H3AA 


0.3019 


0.3713 


0.9454 


0.025* 


H3AB 


0.1934 


0.4726 


0.9271 


0.025* 


C4A 


0.30179 (15) 


0.26758 (14) 


0.82639 (7) 


0.0188 (3) 


H4AA 


0.2554 


0.2070 


0.7959 


0.023* 


H4AB 


0.3612 


0.2256 


0.8584 


0.023* 


C5A 


0.38504 (14) 


0.35374 (14) 


0.79221 (7) 


0.0186 (3) 


C6A 


0.07262 (15) 


0.36533 (14) 


0.82849 (7) 


0.0195 (3) 


C7A 


0.02468 (15) 


0.28936 (14) 


0.76711 (7) 


0.0195 (3) 


H7AA 


0.0831 


0.3074 


0.7343 


0.023* 


H7AB 


0.0346 


0.2034 


0.7754 


0.023* 


C8A 


-0.12417(15) 


0.31395 (15) 


0.74207 (7) 


0.0205 (3) 


H8AA 


-0.1845 


0.2669 


0.7653 


0.025* 


H8AB 


-0.1436 


0.3999 


0.7499 


0.025* 



Least-squares matrix: full 
R[F 2 > 2(7(7^)] = 0.046 
wR(F 2 ) = 0.122 
S= 1.04 

11714 reflections 
561 parameters 
0 restraints 
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Geometric parameters (A, °) 
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C7B— C8B 


1.522 (2) 


C7A— H7AA 


0.9700 


C7B— H7BA 


0.9700 


C7A— H7AB 


0.9700 


C7B— H7BB 
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0.9700 



sup-7 



supplementary materials 



PO A pi A A 

CV A — C 1 UA 


1.3 10 (Z) 


PdD ( ' 1 no 

cyt> — C 1 UB 


1.3Zo (Z) 


PO a i in A A 

cyA — hlyAA 


yj.y /UU 


P(1D I I n D A 

cyB — hiyBA 


n mnn 

u.y /UU 


CvA — hlvAB 


n mnn 
U.V /UU 


cyB — hiyBB 


n mnn 

u.y /UU 


pin* pi i a 

C1UA — CI 1A 


1 CT1 

1.3Z1 (3) 


p 1 PiD pi 1 D 

C1UB — CI IB 


1 CT3 

1.3Z3 (Z) 


C1UA — hllUA 


A mnn 

U.y /UU 


/ • 1 Pi I) 1 1 1 p,p 

C1UB — hllUC 


n mnn 

u.y /UU 


C1UA — hllUB 


u.y /UU 


PioD U1 nr\ 
C1UB — hllUL) 


n mnn 

u.y /UU 


p| | A P 1 ^» A 

CI 1A — C1ZA 


1 C1 O 

1.315 (Z) 


PI ID PI ID 

CI IB — C1ZB 


1 C 1 1 n\ 

1.3Z1 (3) 


p 1 1 A I I 1 1 A 

CI 1A — hll 1A 


n mnn 

u.y /UU 


PI ID TT11P 

CI IB — hll 1C 


n mnn 

u.y /UU 


PI | a in | n 

CI 1A — hll IB 


n mnn 

u.y /UU 


pud 1 1 1 i n 
CI IB — hll 1L) 


n mnn 

u.y /UU 


pita rn A 
C1ZA — C13A 


1.3ZZ (ZJ 


( • 1 -) D piiD 

C1ZB — C13B 


1.315 \L) 


pit* nn a 
C1ZA — H1ZA 


n mnn 

U.y/UU 


( • 1 "> O IT 1 TP 

C1ZB — H1ZC 


n mnn 

u.y/uu 


PHA it 1 id 

C1ZA — hllZB 


n mnn 

u.y /UU 


C1ZB — hll ZD 


n mnn 

u.y /UU 


pi ^ A TJ1 1 A 

C13A — hl!3A 


n mnn 

u.y /UU 


C13B — hl!3C 


n mnn 

u.y /UU 


C13A — ri!3B 


n mnn 
u.y /UU 


C13B — hi 1 3D 


n mnn 
u.y /UU 


p|/| A pica 

C 1 4A — C 1 J A 


1 /I <CO /">\ 

1.4oo (Z) 


pun pi CD 

C14B — C13B 


1.40/ (Z) 


p| /| A TT1 A A 

C14A — hi 14 A 


n mnn 
U.y3UU 


pi /|D TJ1/1D 

C14B — hl!4B 


n mnn 
U.y3UU 


PICA p|£A 

C 1 j A — C 1 oA 


1.3yo (ZJ 


( • 1 CD P 1 I) 

C13B — CloB 


1.4U1 (Z) 


p 1 c A Pin A 

CI J A — CZUA 


1.4UZ (Z) 


P 1 CD plHD 

C13B — CZUB 


1.4U4 \l) 


P1 C A PHA 

CloA — CI /A 


1.3o4 (ZJ 


P 1 £D P 1 *7D 

C 1 oB — C 1 ID 


1 mn c-i \ 
1.3yU (Z) 


P1 <C A TT1 A 

CloA — hlloA 


n mnn 
U.y3UU 


P 1 £D I I 1 /CD 

CloB — hlloB 


n mnn 
U.y3UU 


PITA p| o A 

CI /A — CloA 


1 i on \ 
1.3oy (3) 


P 1 "7 ID P 1 OD 

CI/ B — C 1 oB 


1 mn 
1.3yU (Z) 


pita unA 
CI /A — hll /A 


n mnn 
U.y3UU 


PHD I I 1 "7 1) 

CI Id — hll ID 


n mnn 
U.y3UU 


pig A p 1 Q A 

C 1 o A — C 1 y A 


1.3o3 (Z J 


p i on PI QD 

CloB — ciyB 


1.35/ (ZJ 


p| o A Til o A 

CloA — hlloA 


n mnn 
U.93UU 


PIOD TTIOD 

CloB — HloB 


n mnn 
U.93UU 


PlfiA pon A 

C 1 yA — CZUA 


1 im 

i.jyi \i) 


p i (in PinD 

c i y B — CZUB 


1.350 \L) 


C 1 y A — hi 1 y A 


n mnn 
U.y3UU 


P 1 (ID I I 1 f|D 

ciyB — hiiyB 


n mnn 
U.y3UU 


popi a i nn a 
CZUA — hlZUA 


n mnn 
U.y3UU 


CZUB — hlZUB 


n mnn 
U.y3UU 


P1 1 A PIT A 

CZ1A — CZZA 


1.4o4 (Z) 


PT1D PUD 

CZ1B — CZZB 


1.40/ \l) 


pi 1 A TJO 1 A 

CZ 1 A — rlZ 1 A 


n mnn 
U.y3UU 


p-> 1 d TJO 1 D 

CZ 1 B — rlZ 1 B 


n mnn 
U.y3UU 


PT) a PITA 

CZZA — CZ / A 


1.4U1 (Z) 


PUD PT)D 

CZZB — CZ3B 


1 i nn 
1.3yy (Z) 


PI ") A PT] A 

CZZA — CZ3A 


1.4Uo (ZJ 


PT>D PT7D 

CZZB — CZ / B 


1 /inn 
1.4UU (Z) 


PO O a Pl/1 A 

CZ3A — CZ4A 


1 i o/; 
1.350 (Z) 


P11D p ~) ,1 I) 

CZ3B — CZ4B 


1 1 OT 

1.35/ (Z) 


po i a rm a 
CZ 3 A — hlZ 3 A 


n mnn 
U.y3UU 


PT)D I 111 D 

CZ3B — hlZ3B 


n mnn 
U.y3UU 


PI /I A PTC A 

CZ4A — CZ3A 


1.3o4 (Z) 


PT/ID PTCD 

CZ4B — CZ3B 


1.354 (Z) 




U.7JUU 




u.y jUU 


C25A — C26A 


1.388 (2) 


C25B — C26B 


1.385 (3) 


C25A — H25A 


0.9300 


C25B — H25B 


0.9300 


C26A — C27A 


1.391 (2) 


C26B — C27B 


1.386 (2) 


C26A — H26A 


0.9300 


C26B — H26B 


0.9300 


C27A — H27A 


0.9300 


C27B — H27B 


0.9300 


Co A — JN 1 A — Co A 


1 in i n /■ 1 i\ 
lZU.3y (1Z) 


Cohs — JN IB — C4B 


1 in 11/1 t\ 
1ZU.1 1 (1Z) 


Co A — JN 1 A — C4A 


HI CI /1 0\ 

1Z3.31 (1ZJ 


Cor> — JN lr> — C3r> 


1Z3.Z / (,1ZJ 


C3A — JN 1 A — C4A 


111 O A /1 1\ 

1 !Z.o4 (1Z) 


/ ' ,] D MID p^n 

C4B — JN IB — C3B 


111 nn /1 t\ 
1 13. UU ' 1Z) 


A TVTO A Z" 1 1 1 A 

C9 A — JN 2 A — C 1 3 A 


iinm /i i\ 

110.03 (13) 


C13B — N2B — C9B 


iin izz pt o\ 

110.16 (12) 


C9 A — N2 A — C 8 A 


109.42 (12) 


C13B— N2B— C8B 


108.53 (12) 


C13A— N2A— C8A 


112.11 (12) 


C9B— N2B— C8B 


111.32 (12) 


OlA— CIA— C5A 


120.53 (13) 


0 1 B — C 1 B — C2B 


120.59 (13) 


OlA— CIA— C2A 


121.82 (13) 


0 1 B — C 1 B — C5B 


121.54(13) 


C5A— CIA— C2A 


117.63 (13) 


C2B— C1B— C5B 


117.85 (13) 



sup-8 



supplementary materials 



PI 1 A PTA P 1 A 

C2 1 A — C2 A — C 1 A 


I 1 c nn { \ i \ 

II J.yy (13) 


PI 1 A PI A PI A 

C2 1 A — C2A — C3 A 


nA on / 1 1 \ 
124. oU (13) 


p 1 a pi a pi a 
C 1 A — C2 A — C3 A 


i imi /1 1\ 

ny.2i (13) 


mi * pi a pi a 
JN 1 A — C3A — C2A 


1 1 1 no n i\ 
1 12. Uo (12) 


\ri A PI A HI A A 

JN 1 A — C3A — H3AA 


1 nn i 

iuy.2 


PI A PI A HI A A 

C2A — C3A — H3AA 


1 nn 1 

iuy.2 


Ml A PI A Ul AO 

JN 1 A — C3A — H3AB 


1 nn i 

iuy.2 


PI A PI A Ul A I J 

C2A — C3A — H3AB 


1 nn 1 

iuy.2 


TT1 A A PI A TT1 A TO 

H3AA — C3A — H3AB 


1 ni n 

iu /.y 


\n a r;i a pc a 
JN 1 A — C4A — C5A 


in"7 ni / 1 1\ 
1U /.U2 (12) 


\r| A P/1 A TJ A A A 

JN 1 A — C4A — H4AA 


1 1 n i 
11U.3 


PC A P/1 A TJ/1 A A 

C5A — C4A — H4AA 


1 1 n i 
1 1U.3 


\r| A rrt A TJ/1 A D 

JN 1 A — C4A — H4AB 


1 1 n i 
1 1U.3 


PC A P/1 A TJ/1 A D 

C5A — C4A — H4AB 


1 1 n i 
11U.3 


TJ A A A P/1 A TJ A A D 

H4AA — C4A — H4AB 


1 no /: 
1U8.0 


p| i| A pr A pi A 

C 1 4 A — C5 A — C 1 A 


11"7 /I C /1 /I \ 

1 1 1 Ad (14) 


P1 A A PCA pa A 

C 1 4A — C5A — C4A 


125.00 (14) 


pi A PC A P/1 A 

C 1 A — C5 A — C4 A 


11/; n/; /1 1\ 
llo.UO (12) 


P.1 A P/; A \71 A 

U2A — Co A — JN 1 A 


111 in / n\ 
121. by (13) 


P.1 A P/: A P"7 A 

U2A — CoA — C / A 


121.0/ (13) 


\n a p/; a pta 
JN 1 A — CoA — C /A 


110.43 (13) 


PO A P"7 A P/: A 

C8A — C /A — CoA 


111 A C /1 T\ 

112.45 (12) 


po A P"7 A TJH A A 

CoA — C / A — rl / AA 


1 no 1 

iuy.1 


P/; A P"7 A TJI A A 

CoA — C / A — H / AA 


1 nn 1 

iuy.1 


PO A P"7 A TJI A I'i 

C8A — C / A — ti /Ac 


1 nn 1 

iuy.1 


p/: A n A TJI A d 

CoA — C / A — ti /Ac 


1 nn 1 

iuy.1 


TJI A A P"7 A TJI A D 

ti /AA — C / A — ti 1 AB 


1 n"7 o 
1U /.0 


\n A PO A P"7 A 

JN2A — Co A — C / A 


111 AH /1 1\ 

111.40 (12) 


\n A PO A T-JO A A 

JN2A — CoA — rioAA 


1 nn i 

iuy.3 


PI A PO A TJO A A 

C / A — C8A — HoAA 


1 nn i 

iuy.3 


\n A PO A TJO A D 

JN 2A — C8 A — HsAd 


1 nn i 

iuy.3 


PI A PO A TJO A I J 

C / A — C8A — HsAd 


1 nn i 

iuy.3 


TJO A A PO A TJO A D 

HoAA — C8A — H8AB 


1 no n 
lUo.U 


Ml A Pfl A P 1 C\ A 

JN 2 A — C9 A — C 1 0 A 


111 or /n\ 

111.35 (13) 


\n a pn a Tjn a a 
JN 2A — CV A — Hy AA 


1 nn a 

iuy.4 


P1AA pn A Tjn A A 

c i u a — cy A — Hy AA 


1 nn /i 

iuy.4 


\n a pn a Tjn a d 
JN 2A — Cy A — Hy Ac 


1 nn /i 

iuy.4 


pin a pn a Tjn a o 
C 1 U A — cyA — Hy Ac 


1 nn /i 

iuy.4 


Tjn a a pn a Tjn a d 
HyAA — cyA — HyAo 


1 no n 
lUo.U 


Pn A Pl/IA P11A 

cy A — C 1 U A — C 1 1 A 


1 1 n c/; /1 c\ 
11U.50 (15) 


pn a pi/iA Tj 1 n a 
cy A — C 1 UA — ti 1 UA 


1 nn ^ 

iuy.5 


Pi i a p i n A TTI rt A 

CI 1A — C1UA — H1UA 


ioy.5 


pn a p 1 n a tj 1 no 
Cy A — C 1 UA — ti 1 UB 


1 nn ^ 

iuy.5 


C11A — C10A — H10B 


109.5 


H10A— C10A— HI OB 


108.1 


C12A— C11A— C10A 


109.57 (14) 


C12A— C11A— H11A 


109.8 


C10A— C11A— H11A 


109.8 


C12A— C11A— HUB 


109.8 



piir> nn pi n 
C2 1 B — C2B — C 1 B 


\ \ H t^A { \ A \ 
11 /.04 (14) 


PTID pin pnn 

C2 1 B — C2B — C 3 B 


11C "71 t i A\ 

125.12 (14) 


P 1 TD Pin / ■ 1 1 1 

C1B — C2B — C3B 


1 1 /: n i {i l\ 
llo.Ul (12) 


\Tin pin pin 

JN IB — C3B — C2B 


1 n/: oi 1 1 1\ 
1U0.82 (12) 


\Tin P1t> TJ1TDA 

JN IB — C3B — H3BA 


i i n a 
1 1U.4 


P1T3 pin TJ1D A 

C2B — C3B — H3BA 


1 1U.4 


XTin P1t> TJ1DD 

JN IB — C3B — H3BB 


ii/ii 
1 1U.4 


P1T3 P1TD 1 | i [) 1 1 

C2B — C3B — H3BB 


ii/ii 
1 1U.4 


1 tt ri a P1T3 in nn 

H3BA — C3B — H3BB 


1 no £. 
1U8.0 


\H D PID pen 

JN IB — C4B — C5B 


111 m /11\ 
1 1 l.y 1 (12) 


XTin ( • ,| T|ID A 

JN IB — C4B — H4BA 


1 nn i 

iuy.2 


PCD ( ' A 15 I I ,| 13 a 

C5B — C4B — H4BA 


1 nn i 

iuy.2 


JN IB — C4B — H4BB 


1 nn i 

iuy.2 


PCT3 PAD TT 

C5B — C4B — H4BB 


1 nn i 

iuy.2 


I I /] Ti A p|D I I /I Ti li 

H4BA — C4B — H4BB 


1 n~7 n 

iu/.y 


p| AD PCD P1D 

C 1 4B — C5B — C 1 B 


11/; 11 /11\ 
110.31 (13) 


PI ID PCD pin 

C14B — C5B — C4B 


11/1 n /"11\ 
124. II (13) 


P1D PCD PID 

C1B — C5B — C4B 


1 1 o no li i\ 
118. y8 (12) 


pnn p/;d mid 
(J Id — CoB — JN IB 


111 /:npii\ 
121. OU (13) 


aid / ' /. I ) P"7D 

U2B — CoB — C ID 


111 11 / l A\ 

121. II (14) 


mi d p/:d P"7D 
JN 1 B — CoB — C ID 


1 1 (T /TO P11\ 

110.08 (13) 


/ ' / I ) piD POD 

CoB — C ID — C8B 


111 1 1 n i\ 
1 12.32 (12) 


p/:d p"7d i i "7 1") a 
CoB — C ID — ti IDA 


i nn i 

iuy.1 


POD PID | |"rn a 

C8B — C ID — ti IdA 


1 nn 1 

iuy.1 


1 ' /. I ) piD TJTDD 
COB C ID ti IDD 


1 nn 1 

iuy.1 


POD P"7D TJ"7DD 

C8B — C ID — ti IDD 


1 nn 1 

iuy.1 


I I Hi A PID TJ7DD 
ti IDA C ID ti IDD 


1 ni n 

iu /.y 


MID POD P"7D 

JN2B — C8B — C ID 


111 ii {i i\ 
Hi. 12 (12) 


MID POD TJOD A 

JN2B — CoB — rloBA 


1 nn i 

iuy.3 


P"7D POD TJOD A 

C ID — C8B — H8BA 


1 nn i 

iuy.3 


MID POD TJODD 

JN2B — C8B — H8BB 


1 nn i 

iuy.3 


P"7D POD TJODD 

C ID — C8B — H8BB 


1 nn i 

iuy.3 


TJOD A POD TJODD 

H8BA — C8B — H8BB 


1 ni n 

iu/.y 


mid pnD p 1 nD 
JN 2B — C9 B — C 1 UB 


i in ni /11\ 
HU.y2 (13) 


mid pnD TjnD A 
JN 2B — Cy B — Hy B A 


1 nn c 

iuy.5 


p 1 nD pnD TjnD a 
C 1 UB — cyB — Hy B A 


1 nn c 

iuy.5 


mid pnD TJnDD 

JN2B — CyB — HyBB 


1 nn c 

iuy.5 


p 1 nD pnD TjnDD 
C1UB — CyB — HyBB 


1 nn c 

iuy.5 


TjnD A pnD TJnDD 

HyBA — cyB — HyBB 


1 no n 
1U8.U 


p 1 1 d p 1 nD pnD 

c 1 1 b — c i ub — cy B 


iin nc /11\ 
HU.y5 (13) 


pi id p 1 nD tji np 
C 1 1 B — C 1 UB — ti 1 UC 


1 nn a 

iuy.4 


pnD p 1 nD tji np 
cyB — C 1 UB — ti 1 UC 


1 nn a 

iuy.4 


pi id p 1 nD tji nn 
C 1 1 B — C 1 UB — ti 1 UD 


1 nn a 

iuy.4 


C9B— CI OB— H10D 


109.4 


H10C— CI OB— H10D 


108.0 


C12B— CUB— C10B 


109.34 (14) 


C12B— CUB— H11C 


109.8 


C10B— CUB— H11C 


109.8 


C12B— CUB— HI ID 


109.8 



sup-9 



supplementary materials 



C10A- 


-C11A- 


-H11B 


1 nn o 


H11A— CHA- 


-HUB 


106.2 


CHA— C12A— C13A 


111 f\C /1 A\ 

ill. DO (14) 


C11A— C12A- 


— H12A 


1 no a 

iuy.4 


C13A- 


-C12A- 


— H12A 


1 nn a 

iuy.4 


C11A— COA- 


— H12B 


1 nn a 

iuy.4 


CH A- 


— C12A- 


— H12B 


1 nn a 

iuy.4 


H12A- 


— C12A- 


— H12B 


1 no n 
106.0 


N2A— 


-C13A— 


-C12A 


111 nn 1 1 i\ 
lll.Uy (13) 


N2A— 


-CI 3 A— 


-H13A 


1 nn a 

iuy.4 


C12A- 


— C13A- 


— H13A 


1 nn a 

ioy.4 


N2A— 


-C13A— 


-H13B 


1 nn a 

iuy.4 


C12A- 


— C13A- 


— H13B 


1 nn a 

iuy.4 


H13A- 


— C13A- 


— H13B 


1 no n 
106.0 


C5A— 


-C14A— 


-C15A 


1 to m /I 
125. Ul (1 5) 


C5A— 


-C14A— 


-H14A 


1 1 <c n 
116.0 


C15A- 


— C14A- 


— H14A 


1 1 <c n 
llo.U 


C16A- 


— C15A- 


— C20A 


110 /;~7 /1 /i \ 
116.0/ (14) 


C16A- 


— C15A- 


— C14A 


110 11 /1 A\ 

116.11 (14) 


C20A- 


— C15A- 


— C14A 


m ti / A A\ 

123.21 (14) 


C17A- 


— C16A- 


— C15A 


111 ni / 1 c\ 
121.01 (15) 


C17A- 


— C16A- 


— H16A 


1 1 n c 


C15A- 


— C16A- 


— H16A 


1 1 n £ 


C16A- 


— C17A- 


— C18A 


1 1 n /:i /1 /:\ 
liy.o2 (16) 


C16A- 


— C17A- 


— H17A 


1 on o 

12U.2 


C18A- 


— C17A- 


— H17A 


1 Tn "t 
120.2 


C19A- 


— C18A- 


— C17A 


12U.32 (15) 


C19A- 


— C18A- 


— H18A 


1 1 n o 

iiy.s 


C17A- 


— C18A- 


— H18A 


1 1 n o 

iiy.s 


C18A- 


— C19A- 


— C20A 


iTn 11 i A £\ 
12U.13 (16) 


C18A- 


— C19A- 


— H19A 


1 1 n n 

i iy.y 


C20A- 


— C19A- 


— H19A 


119.9 


C19A- 


— C20A- 


— C15A 


nn 10 /1c^ 
120.18 (15) 


C19A- 


— C20A- 


— H20A 


1 1 n n 

iiy.y 


C15A- 


— C20A- 


— H20A 


1 1 n n 

iiy.y 


C2A— 


-C21A— 


-C22A 


111 ''id C\ A\ 

131.20 (14) 


C2A— 


-C21A— 


-H21A 


1 1 A A 

1 14.4 


C22A- 


— C21 A- 


— H21A 


1 14.4 


C27A- 


-C22A- 


— C23A 


I 1 -7 /T "T /1/1\ 

I I /.o / (14) 


C27A- 


-C22A- 


— C21A 


nc /in i \ a\ 
125. 4y (14) 


C23A- 


-C22A- 


— C21 A 


11/C OT f\ A\ 

116.82 (14) 


C24A- 


-C23A- 


-C22A 


111 1/1 / 1 c\ 

121.14 (15) 


C24A- 


-C23A- 


-H23A 


1 1 n a 

ny.4 


C22A- 


-C23A- 


-H23A 


119.4 


C25A- 


-C24A- 


-C23A 


120.03 (15) 


C25A- 


-C24A- 


-H24A 


120.0 


C23A- 


-C24A- 


-H24A 


120.0 


C24A- 


-C25A- 


-C26A 


120.10(15) 


C24A- 


-C25A- 


-H25A 


120.0 



C10B- 


-C11B- 


ii i i n 
— hll 1L) 


1 nn o 

ioy.6 


H11C— C11B- 




1 no i 
106.3 


C13B- 


-C12B- 


n in 
— CI IB 


iin a~j /i/i\ 
110.4/ (14) 


C13B- 


-C12B- 


1 1 1 • 


1 no c 

luy.o 


C11B— C12B- 


iii">/'" 


1 nn £. 

loy.o 


C13B- 


-C12B- 


I I i Tpi 


1 nn /; 

loy.o 


C11B— C12B- 


I I i Tpi 

— hll ZD 


1 nn £. 

loy.o 


H12C- 


-C12B- 


I I 1 "> FA 

— hllZL) 


1 no 1 
106.1 


N2B — C13B— 


( ' 1 -V T") 


1 1 ™t C\A /I 1\ 

112.04 (13) 


N2B — C13B— 


I I 1 "If - 

-hll 


1 nn o 

iuy.2 


C12B- 


— C13B- 


— H13C 


1 nn 

ioy.2 


N2B— 


-C13B— 


-HI 3D 


109.2 


C12B- 


— C13B- 


— hll 3D 


1 nn i 

ioy.2 


H13C- 


— C13B- 


— hll 3D 


1 n"7 n 

io /.y 


C5B— 


-C14B— 


-CI JD 


111 in/i/i\ 
131.2y (14) 


C5B— 


-C14B— 


I I 1 ,| T) 

-hll4r> 


11/1/1 
1 14.4 


C15B- 


— C14B- 


— hll4r> 


ii/i/i 
1 14.4 


C16B- 


— C15B- 


— CzUB 


11"7 n~7 /1/1\ 
11 / .y / (14) 


C16B- 


— C15B- 


( • 1 1 o 

— C14r> 


125.31 (14) 


C20B- 


— C15B- 


— C14B 


i i /: -7n ^1 a \ 
1 lo. /0 (14) 


C17B- 


— C16B- 


— CI JD 


1 Tn /;i / 1 c\ 
120.03 (15) 


C17B- 


— C16B- 


I I i r-ry 

— hlloB 


1 1 n "7 

ny./ 


C15B- 


— C16B- 


I I i r-ry 

— hlloB 


1 1 n "7 

ny./ 


C18B- 


— C17B- 


— CloB 


1 Tn /:n / 1 /:\ 
120.00 (10) 


C18B- 


— C17B- 


I I 1 7D 

— rll Id 


1 1 n "7 

i iy. / 


C16B- 


— C17B- 


I I i "7 V) 

— hll Id 


1 1 n "7 

ny./ 


C19B- 


— C18B- 


— CI ID 


1 1 n i /; /1 c\ 
liy.3o (15) 


C19B- 


— C18B- 


I I 1 Ql~) 

— hlloB 


1 on i 
120.3 


C17B- 


— C18B- 


I I i on 

— hlloB 


1 in i 
120.3 


C20B- 


— C19B- 


— CloB 


1 Tn i/i ("i o 
120.34 (15) 


C20B- 


— C19B- 


1 1 1 no 
— hllVB 


1 1 n o 

1 iy.6 


C18B- 


— C19B- 


1 1 1 no 
— hllVB 


1 1 n o 

ny.6 


C19B- 


— C20B- 


( • i co 

— CIjB 


m no/ic\ 
121.06 (15) 


{ - 1 no 


— C20rs- 


mno 
— rlZUB 


ny.5 


C15B- 


-C20B- 


— hlZUB 


line 

i iy.5 


C2B- 


-C21B- 


-CZZB 


126. 1U (14) 


C2B- 


-C21B- 


i n i o 
-hlZlB 


1 1 <c n 
llo.O 


C22B- 


-C21B- 


i n i o 
— hlZlB 


1 1 £ n 
llo.O 


C23B- 


-C22B- 


PT7D 

— Cz /B 


iioin/i/i\ 
118. 2y (14) 


C23B- 


-C22B- 


— CzlB 


1 oi nn / 1 a\ 
123.00 (14) 


C27B- 


-C22B- 


— CzlB 


1 1 o "7n /I A \ 
116. /0 (14) 


C24B- 


-C23B- 


— CzZB 


1 Tn "7n / 1 c\ 
120. /y (15) 


C24B- 


-C23B- 


I IT) I) 

— hlZ3B 


1 1(1 £ 

i ly.o 


C22B- 


-C23B- 


— H23B 


119.6 


C25B- 


-C24B- 


-C23B 


119.95 (16) 


C25B- 


-C24B- 


-H24B 


120.0 


C23B- 


-C24B- 


-H24B 


120.0 


C24B- 


-C25B- 


-C26B 


120.17(15) 


C24B- 


-C25B- 


-H25B 


119.9 



sup-10 



supplementary materials 



C26A— C25A— H25A 120.0 

C25A— C26A— C27A 119.93(16) 

C25A— C26A— H26A 120.0 

C27A— C26A— H26A 120.0 

C26A— C27A— C22A 121.10(15) 

C26A— C27A— H27A 119.5 

C22A— C27A— H27A 119.5 

OlA— CIA— C2A— C21A -1-8(2) 

C5A— CIA— C2A— C21A -179.72 (13) 

OlA— CIA— C2A— C3A 178.36 (14) 

C5A— CIA— C2A— C3A 0.40 (19) 

C6A— N1A— C3A— C2A -106.24 (15) 

C4A— N1A— C3A— C2A 54.07 (17) 

C21A— C2A— C3A— N1A 161.89(14) 

CIA— C2A— C3A— N1A -18.23 (19) 

C6A— N1A— C4A— C5A 90.49 (16) 

C3A— N1A— C4A— C5A -69.11 (15) 

OlA— CIA— C5A— C14A -22.7 (2) 

C2A— CIA— C5A— C14A 155.34 (14) 

OlA— CIA— C5A— C4A 165.93 (14) 

C2A— CIA— C5A— C4A -16.08(19) 

N1A— C4A— C5A— C14A -122.52 (16) 

N1A— C4A— C5A— CIA 48.07 (16) 

C3A— N1A— C6A— 02A -9.6 (2) 

C4A— N1A— C6A— 02A -167.72 (14) 

C3A— N1A— C6A— C7A 171.02(13) 

C4A— N1A— C6A— C7A 12.9 (2) 

02A— C6A— C7A— C8A -4.9 (2) 

N1A— C6A— C7A— C8A 174.48 (13) 

C9 A— N2 A— C8 A— C7 A -172.16(14) 

C 1 3 A— N2A— C8A— C7A 65 .48 ( 1 7) 

C6A— C7A— C8A— N2A 157.16(13) 

C 1 3 A — N2A — C9 A — C 1 OA -60.41 (19) 

C8 A — N2 A — C9 A — C 1 OA 175.99 (15) 

N2A — C9A — C 1 OA — C 1 1 A 58.0(2) 

C9 A — C 1 OA — C 1 1 A — C 1 2 A -53.8(2) 

C10A— C11A— C12A— C13A 53.5(2) 

C9 A — N2 A — C 1 3 A — C 1 2 A 59.63 (17) 

C8 A — N2 A — C 1 3 A — C 1 2 A -178.35 (13) 

C11A — C12A — C13A — N2A -56.95 (19) 

CIA— C5A— C14A— C15A -174.96 (14) 

C4 A — C5 A — C 1 4 A — C 1 5 A -4.5 (3) 

C5A— C14A— C15A— C16A 135.26 (17) 

C5A— C14A— C15A— C20A -46.2(2) 

C20A— C15A— C16A— C17A 2.7(2) 

C14A— C15A— C16A— C17A -178.70 (14) 

C15A— C16A— C17A— C18A -2.6(2) 

C16A— C17A— C18A— C19A 0.4(3) 

C17A— C18A— C19A— C20A 1.7(3) 



C26B— C25B— H25B 119.9 

C25B— C26B— C27B 119.97(16) 

C25B— C26B— H26B 120.0 

C27B— C26B— H26B 120.0 

C26B— C27B— C22B 120.76 (15) 

C26B— C27B— H27B 119.6 

C22B— C27B— H27B 119.6 

OIB— C1B— C2B— C21B 23.1 (2) 

C5B— C 1 B — C2B — C2 IB - 1 55 .47 ( 1 4) 

OIB— C1B— C2B— C3B -165.49 (13) 

C5B — C1B — C2B — C3B 15.92 (19) 

C6B— NIB— C3B— C2B -89.04 (16) 

C4B— NIB— C3B— C2B 69.48 (15) 

C21B— C2B— C3B— NIB 122.30 (16) 

C1B — C2B — C3B — NIB -48.30 (16) 

C6B— NIB— C4B— C5B 105.26 (15) 

C3B— NIB— C4B— C5B -54.02 (17) 

0 1 B— C 1 B — C5B — C 1 4B 1 .2 (2) 

C2B— C1B— C5B— C14B 179.79 (13) 

OIB— C1B— C5B— C4B -178.41 (14) 

C2B — C 1 B — C5B — C4B 0.16(19) 

NIB— C4B— C5B— C14B -162.00 (14) 

NIB— C4B— C5B— C1B 17.59 (19) 

C4B— NIB— C6B— 02B 10.5 (2) 

C3B— NIB— C6B— 02B 167.53 (14) 

C4B— NIB— C6B— C7B -170.41 (13) 

C3B— NIB— C6B— C7B -13.3 (2) 

02B — C6B — C7B — C8B 5.0 (2) 

NIB— C6B— C7B— C8B -174.17(13) 

C13B— N2B— C8B— C7B 172.96 (13) 

C9B — N2B — C8B — C7B -65.63 (16) 

C6B — C7B — C8B — N2B -158.65 (12) 

C13B— N2B— C9B— C10B -58.88 (17) 

C8B — N2B — C9B — C 1 0B -179.33 (12) 

N2B— C9B— C10B— CUB 57.66 (18) 

C9B— C10B— CUB— C12B -54.71 (19) 

C10B— CUB— C12B— C13B 54.11 (19) 

C9B— N2B— C13B— C12B 59.22 (18) 

C8B — N2B — C13B — C12B -178.67 (14) 

CUB— C12B— C13B— N2B -57.29 (19) 

C1B — C5B — C14B — C15B 178.74 (14) 

C4B— C5B— C14B— C15B -1.7(3) 

C5B— C14B— C15B— C16B -14.2(3) 

C5B— C14B— C15B— C20B 167.28 (16) 

C20B— C 1 5B— C 1 6B— C 1 7B - 1 .7 (2) 

C14B— C15B— C16B— C17B 179.77 (14) 

C 1 5B— C 1 6B— C 1 7B— C 1 8B 0 .4 (2) 

C16B— C17B— C18B— C19B 0.8 (2) 

C17B— C18B— C19B— C20B -0.8(2) 
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C18A— C19A— C20A— C15A -1.6(3) 

C16A— C15A— C20A— C19A -0.6(2) 

C14A— C15A— C20A— C19A -179.14(15) 

CIA— C2A— C21A— C22A -178.37 (15) 

C3 A — C2 A — C2 1 A — C22 A 1.5 (3) 

C2A— C2 1 A— C22A— C27A 1 5 .4 (3) 

C2A— C21A— C22A— C23A -166.71 (16) 

C27A— C22A— C23A— C24A -2.0 (2) 

C21A— C22A— C23A— C24A 179.93 (14) 

C22A— C23A— C24A— C25A 0.6 (2) 

C23A— C24A— C25A— C26A 0.8 (2) 

C24A— C25A— C26A— C27A -0.7 (2) 

C25A— C26A— C27A— C22A -0.8 (2) 

C23A— C22A— C27A— C26A 2.1 (2) 

C21A— C22A— C27A— C26A 179.97 (14) 



C18B— C19B— C20B— C15B -0.5(2) 

C16B— C15B— C20B— C19B 1.8(2) 

C14B— C15B— C20B— C19B -179.60 (14) 

C 1 B — C2B — C2 1 B — C22B 176.08 (14) 

C3B — C2B — C2 1 B — C22B 5 .6 (3) 

C2B— C21B— C22B— C23B 44.3 (2) 

C2B— C21B— C22B— C27B -137.01 (17) 

C27B— C22B— C23B— C24B 0.9 (2) 

C21B— C22B— C23B— C24B 179.62 (15) 

C22B— C23B— C24B— C25B 1.4(2) 

C23B— C24B— C25B— C26B -2.0 (3) 

C24B— C25B— C26B— C27B 0.4 (3) 

C25B— C26B— C27B— C22B 2.0 (3) 

C23B— C22B— C27B— C26B -2.6 (2) 

C21B— C22B— C27B— C26B 178.64 (15) 



Hydrogen-bond geometry (A, °) 

D—H-A /) II II- I D-A D—H-A 

C7A — H7AB-01B' 0.97 2.59 3.3737 (19) 138 

C19B— H19B-02A" 0.93 2.44 3.233 (2) 143 

C24A— H24A-02B iii 0.93 2.40 3.190 (2) 143 

C24B— H24B-N2A 0.93 2.61 3.411 (2) 145 
Symmetry codes: (i) x, y~\,z\ (ii) -x, -y+2, -z+2; (iii) -x+\, -y+2, -z+2. 
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